LOEB (9), KUNTZ et al. (6), SCATCHARD et al. (11), and others have made use of osmotic pressure measurements to calculate the molecular weights of pure proteins such as gelatin, crystallized enzymes, and crystallized serum albumen. Protoplasmic proteins have not been investigated. Yet it would be of some interest to know the average molecular weight of a plant's protoplasmic proteins. Such information is essential if, for instance, one is to test theories of protein splitting at low temperature. Curves obtained by plotting pressure against concentration also yield information about the relative hydration ("bound water") of the protein, for as the concentration increases, a larger and larger portion of the pressure is due to the hydration rather than the number of molecules present. The adaptation of a plant to unfavorable environmental conditions is frequently ascribed to increased hydration of proteins (4). Evidence for such theories has heretofore been indirect; e.g., from measurements of protoplasmic viscosity or from the properties of plant juices which come mainly from the vacuole rather than the protoplasm (7 
(WITH SIX FIGURES) LOEB (9) , KUNTZ et al. (6) , SCATCHARD et al. (11) , and others have made use of osmotic pressure measurements to calculate the molecular weights of pure proteins such as gelatin, crystallized enzymes, and crystallized serum albumen. Protoplasmic proteins have not been investigated. Yet it would be of some interest to know the average molecular weight of a plant's protoplasmic proteins. Such information is essential if, for instance, one is to test theories of protein splitting at low temperature. Curves obtained by plotting pressure against concentration also yield information about the relative hydration ("bound water") of the protein, for as the concentration increases, a larger and larger portion of the pressure is due to the hydration rather than the number of molecules present. The adaptation of a plant to unfavorable environmental conditions is frequently ascribed to increased hydration of proteins (4) . Evidence for such theories has heretofore been indirect; e.g., from measurements of protoplasmic viscosity or from the properties of plant juices which come mainly from the vacuole rather than the protoplasm (7) . Methods ISOLATION OF PROTEINS In the following investigation, potato tubers (Russet variety) were used, partly because of the constant availability of material and partly because no proteins other than protoplasmic are to be found (except some crystals in cells immediately below the periderm which were removed with the peel).
One reason why protoplasmic proteins have not been investigated is the difficulty in obtaining them in the undenatured state. Preliminary experiments were therefore made with the filtrate from Waring blender mash.
The proteins were precipitated from the filtrate with (NH4)2SO4, filtered off, then dialyzed. The importance of pH soon became evident. If no precautions were taken to regulate the pH, very little protein was obtained. If enough K,HPO4 solution was pipetted into the blender (before mashing) to teins may possibly occur due to the frothing and agitation. Consequently this method was discarded in favor of freeze-drying the tissues followed by grinding in a miniature Wiley mill and extraction with K2HP04.
Since FLOSDORF and MUDD'S (2) original work, many modifications of the "lyophile apparatus" have been described (1, 5, 8, 10, 12) . The commercial "cryoscopic dryers" avoid the need of dry ice (except for preliminary freezing) by using a desiccant that can be regenerated.
All the above models were designed primarily for drying liquids. Even those that'use the wider-necked flasks are not easy to fill and empty when pieces of tissue are used. Furthermore, the relatively close packing of the tissues does not favor rapid drying. After using a "lyophile apparatus" for some time, it was discarded for the following simpler, more efficient, less time-consuming method.
The tubers were cut into slices 2-3 mm. thick, wiped dry, then frozen in dry ice. When completely frozen, they were arranged in layers in a vacuum desiccator between alternating layers of Al203. The desiccator was evacuated to a pressure well below 1 mm. then transferred to a cold room at 0-5O C. After 24 hours, the potato slices were dry and pith-like in texture. If the slices are permitted to melt before drying is complete (due to insufficient evacuation or A1203), the melted part when dry is horny hard. Consequently, there is no difficulty in determining whether the tissues were really dried in the frozen state. The method is uniformly successful if a good high-vacuum grease is used and if there is at least 10 times as much A1203 as the water content of the tissues. Ringing the desiccator joint with Apiezon is a useful precaution to insure maintenance of the vacuum. One desiccator can be used to dry as much as 400 grams of potatoes, containing about 300 grams of water. It is, of course, not necessary to bury the slices in the desiccant, but this is a convenient and simple method where large quantities are to be dried.
The dried tissues were ground in a Wiley mill until they passed the finest screen (60 mesh). Ten percenitage of the dry matter, and since the osmotic pressure of protein solutions is low enough to require high concentrations, a micromethod must be used. Furthermore, the crude protein obtained contains not only the structural proteins but all of the enzymes as well; consequently precautions must be taken to reduce chemical changes to a minimum. This requires maximum speed of dialysis and low temperature. Fortunately, the use of a micromethod results in a high speed of dialysis due to the large specific surface and the small amount of substance that has to dialyze away. In an attempt to speed up the process still further, electrodialysis was tried, but the proteins were at least partially denatured by the weakest current that was capable of reducing the time of dialysis.
The microcups were made as follows: glass rods 3 mm. in diameter were dipped into a collodion solution (10 gm. parlodion dissolved in 50 ml. absolute ethyl alcohol, 50 ml. ether, 1 ml. glacial acetic acid). After draining for about 45 seconds they were allowed to dry for 10 minutes in the inverted position. They were then immersed in 95 per cent. alcohol, an incision was made around the rod 6 cm. from the base, the cups slipped off, and stored in the 95 per cent. alcohol overnight or longer.
The manometers were constructed from 1-mm. bore capillary tubing ( fig. 1 ). Pressure was regulated by means of a screw clamp attached to the rubber tubing at the base of the manometer. A small bulb was blown in the short arm of the manometer just opposite the zero mark on the long, graduated arm. This served the dual purpose of having a relatively large volume of air between the mercury and the microcup, and of keeping the level of the mercury in the short arm practically stationary.
The tip of the manometer was drawn out to a diameter of about 3 mm. While in the 95 per cent. alcohol, the microcups were plastic. Consequently, they could easily be forced onto the tip of the manometer, after which they were immersed in water. This hardened them in the molded shape. The capacity of a cup (up to the fitted neck) was about 0.2 ml. They were now ready to be filled with the protein precipitate, following which each cup was attached to a manometer and a rubber sleeve slipped over the connection. If the cups had been firmly forced onto the manometer, they would now stand at least three atmospheres of pressure (higher pressures have not been tried) for hours without rupturing, coming loose, or even stretching.
The whole apparatus was set up at + 2°C. Enough protein was obtained from 10 gm. of dry matter to set up five or six manometers simultaneously. The gradual as to produce no significant error. At the end of 24 hours, readings were made, the proteins transferred to weighing bottles (by squeezing them out of the cups like toothpaste from a tube) and dried at 100-110°C. to determine the moisture content.
Results
In order to test the accuracy of the method used, determinations were made with a pure protein whose characteristics are already well knowncrystallized bovine plasma albumin (11) . Figure 2 shows the curve obtained From the curve in figure 2 , the molecular weight of the albumin was calculated to be 69,000-the same value as obtained by SCATCHARD et al. (11) . The average molecular weight of the proteins obtained from a potato tuber was similarly calculated to be 52,000 ( fig. 2) . The tuber had been kept at 00 C. for some time, and was tested in February. Since the potato proteins consist of a mixture of a large number of different proteins, this average molecular weight cannot be constant, such as the value for the single, pure bovine plasma protein.
The purpose of the next experiment was to determine whether or not the osmotic pressure curve is the same for proteins from growing tissues as for proteins from non-growing tissues. To obtain tissues in the growing state, tubers from the cold chamber were peeled and placed in a large Petri plate over a layer of water at about 250 C. After 3-6 days, microscopic observation revealed the presence of a phellogen layer several cell layers below the surface. The tubers were again peeled, both the new peel (which we will call external tissues) and the remainder of the tuber (internal tissues) were freeze-dried, ground and extracted as described above. Osmotic pressure curves for both sets of tissues are shown in figure 3. With the two longer exposures to room temperature, the curves diverge markedly at the higher concentrations and converge at the lower. Obviously, there is no appreciable difference in the average molecular weight of the proteins from the growing and dormant tissues. The divergence at the higher concentrations indicates a higher hydration of the proteins from the growing tissues. Figure 4 shows the results for control (unlpeeled) tubers which were also kept at 250 C. for 6 days. The relative humidity, however, was that of the room in order to prevent any sprouting. At the end of the period, the tubers were peeled and the peel was discarded; the "external tissues" were then removed and compared with the " internal tissues " as in the case of the tubers that were permitted to form phellogen. In two of the three experiments, there is again no difference in average molecular weight of the proteins from the two regions. In this case, however, the curve for the proteins from the internal tissues rose more steeply than that from the external tissues in two of the three excperiments. In the third experiment there was no difference.
Since the controls were not kept at the same relative humidity as the tubers that formed phellogen, in the next experiment the effect of this factor was investigated. Tubers were half peeled and then kept in the nearly saturated atmosphere at 25°C. Only the external tissues from the two regions were compared. Figure 5 shows that there is no appreciable difference between the osmotic pressure curves for the proteins from the peridermed and non-peridermed external tissues. It was noticed, however, that the unpeeled part of the tubers had begun to sprout. Consequentlv, neither region could be considered dormant.
These results pointed to the desirabilitv of following the chanages in the same tissues. Consequently, in the next tests, both external and internal tissues were investigated before and after phellogen formation. Tubers from the cold chamber were cut in half across the. short axis. One apical I .I and one basal half from different tubers were then separated into external and internal tissues. The other halves were peeled and allowed to form phellogen. Figure 6 shows the results obtained. They agree with the results reported above, in showing a steeper rise for proteins from external tissues in the peridermed tuber halves. The curves for the proteins from the peridermed external tissue are also steeper than those for the proteins from the control external tissues. This difference is solely due to a difference in average molecular weight. Thus the ratios of the pressures in the first set of curves at 9 and at 33.7 per cent. (the two extremes for the phellogened exter- nal tissues) are identical (1.7). The difference between the proteins from the internal and external tissues of the controls is solely due to a difference in hydration, since the molecular weights are identical.
Any interpretation of these changes in the average properties of the proteins may follow one of two paths. They may be due to a change in the proteins in situ or to a transfer. of proteins from one region to the other. In all the above tests it was always evident that there were more proteins obtained from the tissues kept at room temperature than from those taken directly from the cold chamber. Quantitative determinations were therefore made (table I) . In both the external anid internal tissues a marked increase in proteins occurred. It is quite possible that all the changes in the average properties of the proteins are due to the properties of these newly formed proteins. If so, the actual properties of these new proteins would differ from those of the older proteins to a more marked degree than is indicated by the curves, since these represent averages for both old and new proteins. But the possibilitv of changes in the old proteins is not excluded. The increase in quantity of proteins on exposure to room temperature is in agreement with the often reported hydrolysis of proteins to products of low molecular weight, at low temperatures (7) . It may also explain why a change in average nmolecular weight sometimes occurs. This may possibly depend on the stage of resynthesis of the proteins.
The remarkable stability of the average molecular weight is shown in table II. Discussion It is, of course, impossible to decide from the above results whether they apply to the proteins as they occur in protoplasm, or whether the methods used markedly alter the properties of the proteins. Cell physiologists have concluded from their observations of living cells that the protoplasm of growing cells is more highly hydrated than that of restino cells (3) . The fact that the results reported in this paper agree with this conclusion supports the belief that the isolated proteins retain, at least in part, the properties they possessed while in the protoplasm. The low average molecular weight obtained is perhaps against this view. Indeed, the most remarkable result was the relative stability of the average molecular weight, even when new proteins were being synthesized in considerable quantity. It is obvious, however, that some breakdown of the protoplasmic structure must occur during extraction-even if only at the "haftpunkte" described by FREY-WYSSLING (3). This would not necessarily alter the properties of the individual proteins.
The opposing tendencies of the dormant (internal) as compared with the active (external) tissues are interesting. It is usually stated that increased hydration of proteins occurs at low temperatures (7) , yet this has always run counter to the above observations of cell physiologists that hydration increases during growth. The results reported here indicate that these apparently opposite concepts are both tenable, depending on the state of activity of the cells. However, the results reported are too few to permit ainv generalizations. But the fact that it is possible to detect differences in the properties of the proteins associated with differences in physiological state indicates that this method may prove a valuable one for investigating many problems. Summary 1. A method is described for extracting protoplasmic proteins in the unidenatured state from potato tubers and for determining their average molecular weight and hydration from osmotic pressure curves.
